Although numerous reports on bacteriophages for staphylococci of human origin have appeared, none could be found regarding phages active against staphylococci from bovine sources. This laboratory has been concerned with various phases of bovine mastitis, hence it was of interest to investigate the occurrence and role of bacteriophage in staphylococcal mastitis. While this type of mastitis is probably not as prevalent as streptococcal mastitis, staphylococci do produce both acute and chronic forms of the disease. This paper reports the results of experiments regarding the isolation of staphylococcus bacteriophages from milk and the morphology, specificity and potency thereof as compared to phages from human sources. Consideration is also given to the use of phage for the classification of staphylococci and for the treatment of mastitis.
filter pads and subsequently through L6 Chamberland-Pasteur filters.
To detect and increase the lytic activity of the filtrate, 4 tubes containing 10 ml. of broth were inoculated with 0.1 ml. of an 18-hour old broth culture of a strain of staphylococcus susceptible to human phage. To the first tube 10 ml., to the second 2 ml., and to the third 0.5 ml. of the filtrate were added; the fourth tube, containing the organism only, was used as a positive control. As a filtration control, 1 ml. of the filtrate was added to a fifth tube of broth. The tubes were examined for clearing after 3, 6, and 24 hours at 370C. The contents of the tubes showing clearing were pooled, filtered, and tested for lytic activity on agar plates by the cross-test method of Asheshov (1933) . If none of the tubes from a sample gave evidence of clearing, the contents were treated as described above. If no lysis occurred on the plates, the original filtrates were again added to broth containing susceptible organisms and sets of cultures were incubated at both 370C. and 20'C. for 18 hours. Filtrates were then prepared and tested for lytic activity on plates. If, after three such passages, there was no lysis, the sample was considered to have contained no phage for the organisms tested.
The savita broth and agar recommended by Rakieten (1932) were employed throughout this study. Before use, all agar plates were dried in order to permit the use of larger amounts of broth culture in surface smearing since the liquid was rapidly absorbed and the resulting growth was desirably thick and uniform.
No great difficulty was experienced in obtaining highly active staphylococcus phages. To increase the potency (activity), 10 ml. of phage were added to broth inoculated with a few susceptible organisms. After 4 and 8 hours' incubation at 370C., 0.1 ml.
of an 18-hour old broth culture was added and after 12 hours' incubation the preparation was filtered. This procedure repeated 4 or 5 times generally resulted in a marked increase in potency.
The phage concentration (potency) was determined by mixing a loopful (0.025 ml.) of phage dilution with one drop of an 18-hour old broth culture of a susceptible organism and spreading this mixture over one-quarter segment of a savita agar plate. The number of plaques was counted after 18 hours at 370C.
In attempting to improve the method for the determination of phage potency, a pour plate technique using semisolid agar (0.5 to 0.8 per cent) was developed. One milliliter of a 12-hour old broth culture and 0.1 to 0.5 ml. of a suitable phage dilution were added to 15 ml. of savita agar. The mixture was well shaken, poured into a petri dish and incubated top upward for 12 to 18 hours at 370C. In this medium, staphylococcus phage plaques appear much larger than in surface platings and can be easily counted. Furthermore, small differences in plaque appearance are magnified and can be studied in more detail. When the agar concentration was increased to 1.0, the plaques were smaller, not so clear, but still readily counted, while in a 1.5 per cent agar the plaques could not be produced regularly. Some susceptible staphylococcus strains gave good surface plaques, but failed to be lysed in pour plates, perhaps due to the relative lack of oxygen.
The pour plate method has definite advantages over the ordinary surface platings, but is probably not satisfactory for use on a large scale because of the waste of material, 15 ml. of agar and one petri dish being necessary for each sample. It does, however, reveal plaque details of the phage not apparent in surface plaques. After the experimental work had been concluded, a paper by Yen (1934) came to our attention. Applying a very similar technique to the morphological study of phages lysing the intestinal organisms, this investigator found it very helpful and recorded findings similar to the ones given in the present report.
To determine the prevalence of staphylococcus phage in the milk of cows showing evidence of staphylococcal mastitis, samples from a herd of 20 cows were examined. All the cows had at some time during the past two years shown hemolytic staphylococci and no streptococci in the milk. On repeated examinations, samples from 7 of the 20 cows yielded staphylococcus phages. Some of these phages showed a definite heat lability at 370C. leading to their almost complete inactivation, whereas transfers at 200C. gave filtrates of increasing potency. The concentrations of the phages upon first isolation, after 5 transfers at 370C. and after 5 transfers at room temperature (220C.) are recorded in table 1. According to these results, the isolated bovine phages could be grouped as follows: First, the relatively stable phages 3 and 15, which have a more or less "fixed potency" that is difficult to increase; second, phages 7, 17, 18, and 19 which are quite heat labile and whose potency can generally be increased; third, phage 8 representing a group of very weak phages which gradually fade away when taken out of their normal habitat. Phage 17 had the widest range of susceptible strains of all bovine phages isolated. It is evident that the temperature of incubation must be considered in the isolation of staphylococcus phages from milk. Filtrates from freshly drawn milk have never yielded phage, suggesting that staphylococcus phage does not occur in milk in a free state, but is always fixed to some particle, perhaps to staphylococcal carrier organisms. Isolation involves a "dissociation" of carrier and phage particle, making the particle free and active.
CHARACTERISTICS OF STAPHYLOCOCCUS PHAGES ISOLATED
To compare the action and the morphology of the phages isolated from bovine sources with phages from human sources, two highly polyvalent races of staphylococcus phages (Pg and Mx) were obtained from Dr. M. L. Rakieten of the Long Island Medical College, New York. Two other races from human sources were isolated, one from a normal throat culture and the other from pus from a chronic staphylococcus osteomyelitis of the tibia. These, together with the ones isolated from milk, were cross-tested against 77 strains of staphylococci in order to investigate the specificity of lysis and to determine the possible use of phage for the differentiation of staphylococci. Sixty-five thereof were from the milk of cows having either a chronic or an acute mastitis infection. Approximately 40 of the strains were coagulase-positive, hemolyzed blood agar and blood broth, and formed either alpha and beta or only beta toxin. The others were coagulase-negative, did not hemolyze blood broth, produced only weak hemolysis on blood agar, and only small amounts of alpha and beta, or only beta toxin.
Twelve cultures were from human sources and included strains from food poisoning and suppurative infections. They gave reactions similar to the bovine staphylococci in all tests employed except in the production of toxin, 2 strains forming only alpha toxin.
Specific lysis could not be demonstrated by the cross-test method using phages and staphylococci from human and bovine sources. Phages from milk lysed staphylococci of both bovine and human origin; phages from human sources did likewise. There was no correlation between susceptibility to lysis and biochemical or toxin-producing characteristics. Staphylococci from cows in general were somewhat less susceptible to all phages, but this difference was not sufficiently marked to be of any value for classification purposes.
The plaque morphology of the isolated bacteriophages was closely compared. All staphylococcus phages produced roughly circular plaques with sharp edges on surface plating. There All the phages isolated, with the possible exception of one, were one-type phages. The one exception (phage 18) produced plaques of only one size in surface platings, but formed two distinctly different sized plaques in semisolid pour agar plates. Because of the technical difficulty of extracting the plage from the semisolid medium, it could not be ascertained whether two types actually were present.
Absorption tests were carried out, both with heat-killed cultures and their water extracts, using the methods of Rakieten et al. (1936) , Rakieten and Tiffany (1938) and Levine and Frisch (1933) . The results in general confirmed the established view that absorption preliminary to lysis is a function of the heatstable surface antigen. Some reactions, however, suggested a partly unspecific mechanism of absorption such as that proposed by Ashenburg et al. (1940) . Thus, in our experiments a number of highly susceptible strains did not absorb as completely ae would be expected, and other strains, which were lysed uniformly well in broth or on plates, did not show equal absorptive power.
Absorption experiments were also carried out with actively growing strains of streptococci and organisms of the subtilis group. While only 50 per cent of the Bacillus subtilis strains showed high absorption, the strains of Streptococcus fecalis used absorbed almost completely. Other streptococci which occur in bovine mastitis such as Streptococcus agalactiae, Streptococcus dysgalactiae and Streptococcus uberis showed little or no absorptive power.
Searching for other characteristics which might differentiate phages from human and bovine sources, their respective inactivation by various methods was studied. Here again the only difference found was a slight variation in heat resistance. The human phages often were not destroyed at 670C. for 30 minutes as were the bovine races. It is interesting to note, however, that all bovine races, even the ones inactivated by repeated transfers at 370C. survived 60'C. for 30 minutes. No difference could be detected in their susceptibility to mercuric chloride, hydrogen ion concentration, sterile water or saline. The sterile water and the saline were distinctly toxic for highly diluted phages.
USE OF PHAGE FOR TREATMENT
An attempt was made to determine the value of phage for treatment and its role in bovine staphylococcal mastitis. Intraperitoneal inoculation with staphylococci and subsequent phage treatment of kittens was chosen to represent phage activity under ideal conditions in a closed system, with excellent possibilities for leucocyte activity and immediate phage-organism contact. In a second experiment, intracutaneous and subcutaneous inoculation and treatment of rabbits was thought to imitate well the conditions of the udder in bovine mastitis.
Six kittens, 8 weeks old, were inoculated with 0.5 ml. of an 18-hour old broth culture of a completely phage-susceptible bovine strain. Two were left untreated as controls, and after 1 day the others received 4 daily intraperitoneal injections of 3 ml. of a phage prepared by the method of Rakieten (1932) . One of the controls died from staphylococcal peritonitis and the other showed a purulent peritonitis upon autopsy on the 20th day. At the same time, none of the four treated kittens showed active peritonitis and upon autopsy only one showed mesenterial adhesions pointing toward a recovery from peritonitis.
After shaving the abdominal skin, 3 rabbits were inoculated intracutaneously on the right and left sides of this area with the same culture used for the kitten experiments. One rabbit was left untreated, one was treated by local phage injection into the left inoculated area and the third was injected with phage intravenously and locally. Abscesses developed in all three rabbits 48 hours after inoculation. The phage treatment, however, had practically no effect upon the healing of the lesions, which disappeared in all three animals about the 20th day.
The highly positive results of the kitten tests confirm the view that under histologically simple conditions in a closed system 4LAWRENCE W. BLANETZ AND ERNEST JAWETZ such as a body cavity or the circulatory system, the phage action effectively checks infection. The entirely negative results of the rabbit skin tests imitating mastitis conditions indicate that phage was unable to limit the growth of staphylococci under these circumstances, although the organisms were lysed completely in vitro. These results suggest that phage treatment of staphylococcal mastitis may be of little value. Most of the cows from whose milk phage was recovered, were subject to a chronic mastitis infection in which perhaps the existing resistance against an acute condition can be ascribed to the action of leucocytes and antibodies rather than phage activity. It will be necessary, however, to study the results obtained by treatment of recently infected cows with staphylococcus bacteriophage before the role of this agent in mastitis can be definitely established.
SUMMARY
A method for the isolation of staphylococcus bacteriophage from milk was developed. Samples from 7 out of 20 cows shedding staphylococci in the milk contained phage.
The bovine staphylococcus phages isolated resembled the phages from human sources in many respects. Like the human phages they were, with one possible exception, single type, polyvalent phages producing small sharp-edged circular plaques. The plaque size and a certain heat lability of some of them were the only noticeable differences. All attempts to show specificity of lysis failed completely, the conclusion being that staphylococci occurring as human and animal pathogens are very closely related and cannot be distinguished by means of selective bacteriophage action. There was no correlation between susceptibility to lysis and biochemical or toxin-producing characteristics.
A pour plate method was developed employing low concentrations of agar which facilitated the counting and morphological study of phage plaques.
Animal experiments demonstrated the effects of phage therapy under varying conditions. The role of bacteriophage in resistance to bovine staphylococcal mastitis is discussed.
